New model calculations for the dynamical evolution of dust particles at several solar radii around the Sun are presented. We choose a fractal aggregate consisting of either silicate or carbon as a representative of dielectric and absorbing fluffy particles. We take into account a large array of forces and effects acting on the dust particlessolar gravity, direct solar radiation pressure, Poynting-Robertson effect, sublimation, and the Lorentz force, with a special emphasis given to the latter. The Lorentz force was computed on the base of modeled grain's charges and a model of the actual solar magnetic field from 1976 to 1996. We have investigated the dynamics of individual grains, obtained radial and vertical density profiles of different-sized particles, and used the computed dust density distributions to calculate the expected F-corona brightness during the periods of weak and strong magnetic field. We have found that the solar magnetic field and its variations do not affect the dynamics and spatial distribution of carbon aggregates, which are thought to produce the peak features of the near-infrared F-corona brightness that were sometimes observed. On the other hand, the variations of the solar magnetic field may alter the latitudinal distribution of silicate aggregates. However, the effect is not strong enough to account for the observed temporal variations in the brightness. Thus we can rule out the correlation between the appearance or disappearance of a peak feature and the solar activity cycle.
Statement of the Problem
As the eventual destination for most of the interplanetary dust grains (IDPs) by virtue of their Poynting-Robertson evolution and a possible birthplace for β-meteoroids, the nearsolar dust complex plays an important role in the maintenance and evolution of the zodiacal cloud. The existence of the circumsolar dust ring was theoretically predicted by Belton (1966 Belton ( , 1967 , who suggested the formation of the ring as a result of increasing radiation pressure forces acting on dust particles, as they reduce in size due to partial sublimation near the Sun. Successful observations of the F-corona brightness enhancement near 4R first made by MacQueen (1968) and Peterson (1967 Peterson ( , 1969 have supported this prediction. Since that time, many authors have tried to fit the observational data with their models. By considering spherical silicate and carbon particles and their dynamical behavior near the Sun, Mukai and Yamamoto (1979) constructed a model of the dust ring and explained the observed feature of the near-infrared brightness by thermal emission of the carbon particles superimposed on the sunlight scattered by silicate grains. Using the idea of a superposition of scattered light and thermal emission components, Mann (1992) pointed out that the formation of a feature in the near-infrared brightness does not necessarily require the presence of a dust ring. Mann showed that a peak feature can be explained as a geometric effect that occurs from the sharp decrease of the thermal emission brightness at the point where the line of sight crosses the beCopy right c The Society of Geomagnetism and Earth, Planetary and Space Sciences (SGEPSS); The Seismological Society of Japan; The Volcanological Society of Japan; The Geodetic Society of Japan; The Japanese Society for Planetary Sciences.
ginning of the dust-free zone. As was found later by Kimura et al. (1998) , the appearance of a feature strongly depends on the thermal emission brightness at the wavelength of observations, which, in turn, is highly sensitive to the material composition of near-solar dust. What further complicates the problem is that the observations made during different solar eclipses give different results. A detailed analysis of the F-corona brightness observations (Kimura and Mann, 1998b , this issue) made it clear that in nearly half the cases the F-corona brightness observations showed the presence of the peak feature, whereas in the others the peak feature was not observed. At present there is no unanimity about the explanation of this fact. This paper presents model calculations of dynamics and distribution of charged dust near the Sun. As distinct to the previous studies, we give, for the first time, a quantitative consideration of the influence of the Lorentz force on the near-solar dust. Its importance for the evolution of dust in the close vicinities of the Sun was noted by Rusk (1988) and Mann and Kimura (1997) . In addition, Isobe and Kumar (1993) have suggested that variations of the Lorentz force due to solar activity cycle could lead to the temporal variations in the circumsolar dust complex, and therefore might explain the detections/nondetections of the peak feature mentioned above. We will not provide a further discussion of the different observational results which is given in Kimura and Mann (1998b, this issue) . However, we use our model to check, from the point of view of the dust dynamics, whether the variation of the solar magnetic field and the resulting variation of the Lorentz forces can explain a variability of the F-corona brightness.
Model Description
In our modeling of the circumsolar dust complex, the following forces were taken into account: solar gravity, direct radiation pressure, Poynting-Robertson force, sublimation, and Lorentz force. Because of the complexity of the problem, we neglect a number of other forces and effects which, in principle, can affect the results and have to be examined in further studies. Most notably, we do not take into account the pseudo Poynting-Robertson drag due to interactions of dust grains with solar wind particles which is able to amplify the Poynting-Robertson effect by 30 to 70% (Banaszkiewicz et al., 1994; Shestakova and Tambovtseva, 1995) . Two chemical compositions of dust particles were considered: silicate and carbon, which represented dielectric and absorbing grains, respectively. We describe the grains as ballistic particle-cluster aggregates (BPCAs, see Mukai et al., 1992) . This model has been used before for calculations of temperature profiles of near-solar dust (Mann et al., 1994) . Note that using compact spherical particles instead of BPCAs would lead to some quantitative corrections, particularly decreasing the charge to mass ratio of grains and hence reducing the effect of the Lorentz force, but it would not change the results qualitatively.
The computation of gravitational and radiation pressure forces and sublimation rates for BPCA grains was based on formulas and algorithms of Kimura et al. (1997) . To calculate the electromagnetic force, we had to model grain charges and solar magnetic field strengths. The former for fractal aggregates were evaluated taking full account for sticking and penetration of solar wind particles into dust grains, secondary electron emission, photoelectron emission, and thermionic emission, that resulted in typical electrostatic potentials of +3 to +9V, using the technique similar to that described in Kimura and Mann (1998a) . Contrary to predictions of Isobe and Kumar (1993) , our calculations do not show any sizeable dependence of the charges on the solar activity cycle.
To determine the magnetic field, we made use of the Potential Field-Source Surface Model of Hoeksema and Scherrer (1986) with harmonic coefficients of Wilcox Solar Observatory, representing actual solar field for 1976 through 1996. We then compared characteristic strengths of the magnetic field to sunspot numbers. It turned out that the sunspot numbers did not closely relate to the global magnetic field strength. For example, in 1982.5 and 1991.0 (near the dates when high-quality eclipse observations were made) the magnetic field was respectively strong and weak, whereas sunspot numbers were respectively moderate and high.
For the model described above, the equations of motion and equation of sublimation rate were integrated simultaneously-first for a moderate number of trajectories to study the typical features of dust grains' evolution and then for a larger number of orbits to obtain spatial distributions of near-solar grains.
Single-Particle Dynamics
The evolution of dust grains in the orbital plane was found to be almost unaffected by the Lorentz force. For carbon particles, sublimation begins at 3.8-4.2R and continues until a radius of ≈2.4μm is reached (that corresponds to the radiation pressure to gravity ratio β ≈ 1). Then the particles, keeping a nearly constant size, exhibit a number of radial oscillations. Finally they are ejected out of the solar vicinities in hyperbolic trajectories, becoming β-meteoroids. Silicate particles start to sublimate at 2.2-2.5R and rapidly disappear there.
In contrast, the evolution of grains' orbital planes is dictated by the Lorentz force but, like the "radial" dynamics, it is distinct for carbon and silicate particles. Even for the smallest carbon grains which are not swept out by radiation pressure (2.4μm), the maximum inclinations are comparable to the median values for the inclination distribution according to different models of the interplanetary dust cloud (≈15 to 20
• ). Hence the Lorentz force has little effect on these particles and would not cause a significant modification of the overall spatial distribution of dust near the Sun. Silicate particles behave differently. Bigger grains (տ2μm and տ1μm for periods of quiet and active Sun, respectively) remain essentially unaffected by the Lorentz force, but the smaller grains may develop large inclinations. Grains of 1μm in size may reach polar orbits, if the magnetic field is strong enough. The dynamics of submicrometer-sized silicate particles is extremely sensitive to the Lorentz force. Even near the solar activity minima, the inclinations are distributed almost uniformly between 0 and 180
• , so that the retrograde motions are as typical as prograde ones.
Spatial Distribution of Dust
The next step of the study was to estimate the number density distributions of near-solar dust, in order to check possible temporal variations caused by the Lorentz force. Since elucidation of the actual spatial distribution of dust is beyond the scope of this paper, we assumed a relatively simple conventional model of the dust cloud, rather than a realistic sophisticated one. Different-sized dust grains were launched at different time instants from initially uninclined, circular orbits at 5R from the Sun. We performed numerical integrations of 540 individual trajectories to get more than 200,000 instantaneous positions of particles, and then derived spatial distributions of the grains by counting the occurrences of grains in various spatial bins (see Krivov and Hamilton, 1997 , for more details about this technique). The absolute number densities were then calculated from the relative ones by means of IDP flux model at 1 AU of Grün et al. (1985) , assuming that a half of the flux consists of the silicate particles.
In such a way, we first constructed radial distributions of different-sized silicate and carbon BPCA grains near the Sun in the periods of relatively strong and weak solar magnetic field (1983 and 1991, respectively) . In both cases, we saw an excess of carbon particles at 3.5-3.7R and a gently sloping distribution of silicate particles. No differences between the 1983 and 1991 distributions of circumsolar dust were found.
Second, we obtained vertical (latitudinal) profiles of the same grains for the same two periods. The distributions of carbon grains for both dates (1983 and 1991) did not show any differences, nor did those of large (տ5μm) and small (Շ0.5μm) silicate particles. However, the distributions of medium-sized silicate dust were not similar: the 1991 profile proved to be more confined to the ecliptic plane than the 1983 one (Fig. 1) . This was the only effect of the magnetic field on the near-solar dust complex that resulted from our modeling.
Discussion
As discussed in the Introduction, Isobe and Kumar (1993) expressed the idea that the apparent variability of the Fcorona brightness might be explained by changes in the Lorentz force acting on the charged near-solar dust. They argue that both grains' charges and magnetic field strength depend on the solar activity phase and expect that the Lorentz force would displace the dust toward or outward the Sun. Our modeling does not show a strong response of the charges to the solar activity cycle, nor does it confirm the radial movements of the dust material due to the Lorentz force. Yet it does not reject a general idea that the Lorentz force may influence the near-solar dust complex. Let us look at the problem from another viewpoint.
The hump feature in the F-corona brightness is believed to be caused by thermal emission of absorbing grains (carbon ones in our model). But such grains necessarily possess high radiation pressure to gravity ratios, β, so that only large, micrometer-sized absorbing particles can be present in the near-solar region-smaller ones are swept out by radiation pressure. However, the grains of that size are too large to be appreciably affected by the Lorentz force, as follows from simple force estimates and was confirmed by our modeling. Hence the peak feature should not correlate with solar activity variations.
There may be another way to link observational facts to the Lorentz force and solar activity cycle. The peak feature is observed on a background brightness produced by light scattering on dielectric grains. Such grains, even submicrometer-sized ones, have β ratios smaller than unity and must be present. As shown above, such particles are subject to the Lorentz force and their distribution does depend on the strength of the solar magnetic field. This suggests an alternative idea: the observability of the peak feature may depend on the amount of dielectric particles which produce a smooth brightness profile as opposed to the feature-like profile produced by the absorbing particles. When the magnetic field is strong enough, the dielectric particles are scattered over a wide range of latitudes, consequently only producing a weak background brightness close to the equatorial plane and allowing for the feature produced by the absorbing grains to be seen against the background radiation coming from dielectric particles. When the field gets weaker, the dielectric grains concentrate toward the ecliptic plane, and the peak feature would disappear at the stronger background. We have made model calculations of the F-corona brightness to see whether the variations in latitudinal distribution of the silicate dust (Fig. 1) are strong enough to produce observational consequences. The result is negative. It can be explained by the fact that the main contribution to the continuum is made by relatively large line-of-sight silicate particles located closer to the Earth (the effect of scattering angles, see van de Hulst, 1947 ). Thus we can rule out this hypothesis as well.
Conceivably the facts in question could be explained by individual events that might change mean chemical composition or the amount of dust material near the Sun. As was discussed by Mann (1996) , some of the findings about the near solar dust cloud point to the existence of an out-ofecliptic dust component. Such a component, if produced by long period comets, may have a different collisional evolution than the dust cloud concentrated to the ecliptic (see Ishimoto, 1998, this issue) . It may also cause a time variation in the composition of the near solar dust cloud. At this point, further observational results about comets in the inner solar system as well as about the temporal variation of the F-corona brightness may yield a better understanding in the future.
Summary
1. We perform new calculations for dynamics of nearsolar dust grains, using a fractal aggregate model consisting of silicate and carbon as a representative of dielectric and absorbing fluffy particles, taking into account solar gravity, direct solar radiation pressure, Poynting-Robertson effect, sublimation, and the Lorentz force, with a special emphasis given to the latter.
2. Using the model above, we have investigated the dynamics of individual grains, and discussed consequences for the dust number density distribution and the expected Fcorona brightness during the periods of weak and strong magnetic field.
3. Our calculations strongly suggest that the appearance or disappearance of a peak feature in the F-corona brightness near 4R is not connected to a solar activity cycle. We conclude that the presence of a peak feature during 1966-1967 and 1983 solar eclipses and its absence in other periods should be due to different effects.
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